#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 20 (2025) 206801

ERBE 3T Sn,_,Pb, Te/Pb RRGEHEFEKZ M

SHEF HEF BEFED WAED HEED HER
FoB ABFR AF EAR) ERFO
SERCIE T ESCIE S PO P

1) (5838 K S RS0 e, ZEBGEM G T, A T 45 Mo PR g B 5 s s =, [ifF 200240)
2) (FIEEZETRE, AL 230088)

(2025 4E 7 A 30 HYk#; 2025 4£ 9 A 12 HEENR)

SnTe 2 41 ¥ fh IR 4t G Uk % A2 8 3 55 A0 5, e HL SR A B30 308 8 V0 BB A5 T8 132 IR R B R B 1 2 T
Majorana & REARL. X Fh A7 45 (14 14 5t BE 02 [ AIK 2 1~ Majorana & BERL 2 [B] A B /E FH M. 52 3lf £ 8 Majorana
T REAFAE 1 52 B EHE L 7F SnTe/Pb T 5 [5G 45 B4~ B i e o WL 2. SnTe & —FhIE 4 p B S0k
ARE, QnAe] R 4% FL B TR BT, R 4 HERIR IS Majorana ZF REA 7 A T ZE0F 5% 2 . AR SCHI H 4 F R A E
ARAE Si (111) #FE A KA Pb (111) ¥ 45 T Sny_,Pb,Te I8, I H3m i 394 B WM IT 58 7 MM A
. WE UL R A5 0 L AR A S . A R T AR M B S R, AR L WE I, DA R A A BT
Sn; ,Pb,Te HLF AN F 3K BE M7 B 0S & A0 0 38 U7 ) 2RO F 2R AU BB N p BUFE AR 51 n AU, 77 3 35 X 2

BRIE Y DX, P & X Sny Pb,Te 9 $OK BEGLAYRZ M AN B35, (R 22 1 Ph 5 23 400 1 368 v 2 RE DA 1) I
B BTN BT SnTe JERHRL I # FINHE T A% 1 1 LT £ (1 1) S B

SEIR: I MR, B, SRR, SRR

PACS: 68.37.Ef, 68.55.—a, 73.20.At, 74.78.—w
CSTR: 32037.14.aps.74.20251021

1 5

Majorana Z fefs & Fh N S A ™= A () —Fh
AR RE I MO A, BA R R DR 2 i
AT E IR 0L 2012 4E LK, Majorana
FREBIIY LRI CAE 2 R IR R PR B, T
WKL /8 R 5 T 45 [49), BigTes 39 F 4 2
NGRS T e UING 7 8 8 S X NN U /i 2 1
AL A I A X R SR R IR ALY Majorana

il

DOI: 10.7498/aps.74.20251021

TR Z ()22 [H] 43 B 1Y), SRMTAE L5 B Tl
A EAE AR R A Pk, 1 25 TR, AiF2 R
W 12V, i fF A4S (B &MY 2 B Majorana &
REMSE, T2 BIXTFRPER ORY, 21> Majorana %
REAR AT AL 7E—E, QAR R EIR, e
(] 23 R HE 2 AP IR B A E SRR, X PRei:
A BRI Majorana % BEAL 2 [BIAH BAE H] B XE
J&. e, £ # Majorana % HE (1) 52 56 UF 95 76
SnTe/Pb # 557 J5 25 (1) B i Hh gt Sz B 119,
SnTe IR AR, HAnFh RS2 5

* R HRBIERES (HES: 12474156, 12488101, 12474121, 92365302, 22325203, 52102336). B A#F 2030-“& Tl {5 58 T
T ERIE ({5 2021ZD0302500) 1 LI HRRAARZE 2y (HES: 2019SHZDZX01, 241.Z1401000) % B IRAEL.

# [F) A SRR R
t BIEMEE. E-mail: yaoyili@sjtu.edu.cn
© 2025 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

206801-1


http://doi.org/10.7498/aps.74.20251021
https://cstr.cn/32037.14.aps.74.20251021
mailto:yaoyili@sjtu.edu.cn
mailto:yaoyili@sjtu.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 20 (2025) 206801

AT XA g 19, BEaE— 25 PR A WIS i R 2R
[ 22 T Majorana ZREAL L S AH 4 FNE T4
il 2%, T ZEXT SnTe 2EA0RH) 2K BB REWS B0t —
EHAA R . SR, SnTe &—MaEH p LS
fRRFRE 2O N AR K 7R 5k Pb Ml NbSe, %
[ SnTe (001) HEME AR FNR A Dirac s 7F
PAKBEL LA A HIRZ N 0.2 eVIS22 F1 0.4 eV,
K RER AL B FNR MY Dirac S5 AF]F EH %
43 HF Majorana 2 RBAR 2429). 38 #8115 b4 ) 9% K Ak
P T7 =R AN R T8 22 s T A 4
SRIM, GIASNSEIRFIRE Z 8 SnTe Z84hFhan ik
AR R EME, Een, A 1% AR Bi B
AT RS Ay Zo $H TN 2 R 25 3 3 4 2% 1K (261,
HBARTE SnTe H A il A Z 1) Pb fii Sn; ,Pb,Te
PREF N IR L AR A (M, (B TEARS [
P AR B v BV N iz 0 i B OR Sy Pb,Te
AR p B AR BT S5 4h, Sny Pb,Te 5 Pb ¥
T R fhy o LT I, AR BT Ak R AEAE ) Sny
Pb,Te FR 27| 2 1 2% K R BT LA 22, 3k 3
Bl T P75 Sn, Pb,Te #KRELL YMERE .

POKRBEHAET L SR 5 4w B2 il )5 53 A7
FENR—[AI R, J2 H A A 2 AR g P 2 280, 1 il
TORBESET LA A ZF ik 2 thinre &R 5
A R Z AR 4622, T S 255 BE AR
{94 @ B9 45 7E Sn, ,Pb,Te 5 Pb Z [A] i A
() 28 2% J22 B E . P 8 Al 8 544 19 7 A7 A
Vol 3555 R 3T SR AN | PR AR 4 5 A A )
R ANl 55 R AN A LT, BB Al
T 2K BB ET FLAUN 1 Ty B BRI ek 5 4
J& 2 [ i 2 B 8132 L4 Sy Pb,Te 5 Pb B
ST — 2 22 fil v A0 1 S SO 19394, sl 4K Sy,
Pb,Te 5 Pb JE R 4EHzfl A9 1) 5 T 25 1) LT
RERE 221 T ) 5 B 25 RSH IR AR, KA
FERE 32 25 AR SR TP B, X 2 R AR A
PRI S T P R RS IR T X A S T 4 i
i — AL

ARSCR I3 T HRAMEA: KR, 1E Pb(111) /Si
(111) %€ _E TR SnTe i & H A [A] A K S 1Y
Sn, ,Pb,Te (001) A, I F AR i h%E
R AR S H 3 2F HOR (scanning tunneling
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(4l 99.999%) Fl PbTe (4 FF 99.999%) 43 1| 4
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SnTe 7 LUIAF IR AR TRV SnTe ji 18]
WA 1(a) FiR. 767 SnTe M5 4 1 5 1Y
dI/d Vi s s/ MEN TR 0.2 V 4 (F 1(b)).
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HIF 2B n BURRIE. BRARTE W 5 FHE i 7
Gy HEE R —28 Pb R MIAER KR Ph K
PRk (B 1(g), (b)), (H&X SRR Pb AR
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1  Sny Pb,Te/Pb BYTHiIE 1 £ i 69 STM F1 STS M5 (a) 75 190 °C # Pb I | YT SnTe 15 2 A9 F 2 I g STM K, $11%
JUsF 450 nm x 450 nm, FEF R Ve = 2V, BB LI Ly = 0.1 nA; (b) 7E Bl (a) F L0 A5 AL B dr/d Vi, B i i e Vi, =
0.35 V, BE ZE LI Lo = 0.1 nA; (c) Wi Z i3k i STM &, 4 R~ 450 nm x 450 nm, BEMRIE Ve, = 2 V, BB L, =
0.1 nA; (d) W& (c) PR ML KA FERER, WEMEEZ 9nm; (e) 7EEl (c) PRSI dI/d Vi, B W IE Vi, =

0.20 V, BE 2 B Loy = 0.1 nA; (f) ZE1 () P g S ALY dI/d Vi, BESRIE Vi, = 0.35 V, BEZEEL I Lo = 0.1 nA; () A (h) 4
A AEPED () B AURNWE A5AL 09 5L 43 5 STM [, 394 RS 10 nm x 10 nm, FEF R Vi, = 0.8 V, BEZE AL L, = 0.1 nA, 7]
(g) A1 (h) ' Pb &£ 5350 23.2% A1 25.1%

Fig. 1. STM and STS measurements near the edge of Sn; ,Pb,Te film grown on Pb: (a) STM image (450 nm x 450 nm) of the flat
film obtained by deposition of SnTe on Pb film at 190 C (Vi = 2V, L = 0.1 nA); (b) dI/dV spectrum taken at the red dot in
Fig. (a) (Vi = 0.35 V, L, = 0.1 nA); (¢) STM image (450 nm x 450 nm) near the film edge (Vy = 2 V, L, = 0.1 nA); (d) line
profile taken along the green line in (c), the depth of the trench is about 9 nm; (e) dI/d V spectra taken at the black dot in (¢) (V =
0.20 V, L = 0.1 nA); (f) dI/dV spectra taken at the blue dot in (¢)( Vi = 0.35 V, L, = 0.1 nA); (g), (h) atomically resolved STM
images (10 nm x 10 nm) taken at the black and blue dots in (c), respectively, V,,, = 0.8 V, L = 0.1 nA, the Pb contents of (g)
and (h) are 23.2% and 25.1%.
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T EB A RB S HOK IR 2. A T 38 e
BB R, A AR AR, SEAE P B R E IR TR
20 nm JE#Y SnTe, A5 FEfd IR EE 2 180 °C 4k
2P 20 nm Y SnTe. 41K 2(a) iR, STM JE
S LI A A5 A R TR 1Y) 15 B B d /N T
B 1 EHEAE P IR SnTe il 5 (14 1 15
MG B TEEE. B TS M 5 B, ZEAE S 2R AT L
B L E G . AR B B ) X 4
(I JETF-43 3 STM o, BATTAY A B m) BF R
], TAEZE EL A BRI X s B i A TR (18] 2(b)—
(e)), 33X it BH 330 6 2 T 1) 15 B 2 19 A0 A B ) AN
IF) F10 W 7 A K Ao A v 7 O MO e B T 5 3
Kl 2(b)—(e) #E— WBon, SELWEAH Pb & 2
A 0 T B WA LY Ph &, X UL A G A TR e
23 BRAFAFIRE Y Pb B ) P JF AT LA i 4 7
B SR. FEam s s A X Y dI/d Vi D1 R
N, dI/AV ISR B IMENE T 9 OKRBEH L L 0.2 eV
B (B 2(f)), ZORRERIMHE TS EZoE A
W oTHR, X 5K 1(b) AYARAESEALL. 7RSI A X
MR dI/d Vg D2 s, dI/d Vil i ME T LA

40 nm

.
2 nm

A H2 I PR BE G, T AR A B 5 T W A X S
(1) dI/dViE D3 s, dI/d Vi i/ ME A7 T
POKBERLLT 0.1 eV Mt (K 2(f)), $2KaES Mt
TR LTS Bk A Al TR, AR W LB AL
[l 1(c) P imsh ZRab &0 & AR T 2 gt 25 il
PR, 76X BEBRFE BT Sn, Pb,Te AR AT A p il
AR A n A,

75 Pb JE FZ IR UU SnTe, SR 5 %t Hom#ue
KA R DAAS S RS, PR e & i 2
A LA A — L8R B BB, 1Al 3(a) ik (A
S it . IR Bk B 7 AR SR T A i — B i
7 L 7E 2 R i o 9 000~ 35 A 1) i - 43 Bk LR S
] 3(b) ZEABL, 158 BH 3 ol 2 bR 573 190 000 ) Do A A4S
B[ — B X BB RRAE 5 LFTZE PbSe (001) 3% 1fi
ST AMER) PhTe B b 007 5 5 35000 Ze AR
B 1 R AR 2Bl B9, 7 G 8 R MR i o DX 3 4t 11
dI/d V&R, dI/dVigr i IMEN T 9K BEHR L
0.3 eV (K 3(c) TLLLR), TMiTESE T Stk ok
B DX I Y AT/ d Vg B R, dI/d Vi R B/ ME
B sh B HE 7 230 PR AR IR (K 3(c) HiEZk).
VER*t e, K 3(d) &AE Pb B FALE ST SnTe

0.2

2. nm
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dr
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D3 D2 D1

0 .
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Bias voltage/V

B 2 Sn; Pb,Te/Pb YW 5H i (5 STM A STS & (a) £ Pb I I %8 IR P 20 nm JE B9 SnTe 2R /5 7E 180 °C 4k £2 Ui
20 nm JE ) Sn'Te 15 2 f9#E 5 19 STM &, F955 R 1 200 nm x 200 nm, FE 5 E Vi, = 2 V, BEZEHE I Ly, = 0.1 nA; (b)—(e) 4351
JAER (a) B A1—A4 J5HEAR A B T-43 ¥ STM &, H3 R 51 10 nm x 10 nm, FEF IR Vi, = 0.8 V, BEZFHLI L, = 0.1 nA, 7E
(b)—(e) 1 Pb &8 4> BN 25.3%, 16.6%, 32.7%, 7.9%; (f) 7EWE (a) ' D1I—D3 ALY dI/d Vi, 3T dI/d Vil D1, BES IR Vi,
=040 V, BEZFH L, = 0.1 nA, ¥ T dI/dViZ D2, B R E Vi, = 0.20 V, BEZFHIR L, = 0.1 nA, X TF dI/d Vi D3, £ &

Viee = 0.25 V, BEF R Lo = 0.1 nA

Fig. 2. STM and STS measurements near the grain boundary of Sn; ,Pb,Te film grown on Pb: (a) STM image (200 nm x 200 nm)

of the sample obtained by deposition of 20 nm thick SnTe on Pb film at room temperature and then further deposition of 20 nm
thick SnTe at 180 C (V,,, = 2V, L, = 0.1 nA); (b)—(e) atomically resolved STM images (10 nm X 10 nm) taken at the squares
Al—A4 in (a), respectively, V,, = 0.8 V, L, = 0.1 nA, the Pb contents of (b)—(e) are 25.3%, 16.6%, 32.7% and 7.9%; (f) dI/dV
spectra taken at the dots D1—D3 in (a), respectively, for the dI/dV spectrum D1, V,, = 0.40 V, I, = 0.1 nA, for the dI/dV spec-
trum D2, Vi = 0.20 V, L, = 0.1 nA, for the dI/dV spectrum D3, V,; = 0.25 V, L, = 0.1 nA.
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& 3  Sn, ,Pb,Te/Pb Ay 45 KT AY STM Al STS M (a) 7€ Pb I _EZ IR YT 40 nm JE /Y SnTe 4R)57E 100 °C 3Bk 3 h 153 Ay
FEA B STM &, 49485 Rk 200 nm x 200 nm, BEF R E Vi, = 2 V, BEFRLT L, = 0.1 nA; (b) 7EE (a) H1 4L €75 HE A i I 23 9t
STM K, i Rt 10 nm x 10 nm, FERRE Vi, = 0.8 V, BRZEHLUR L, = 0.1 nA, Pb & 44 20.2%; (c) 76l (a) 416 5 HE R
EHS AW dI/d Vg, X T4 dI/d Vi, B Ve, = 040 V, BB L, = 0.1 nA, X F @ dI/d Vi, B E Ve, =
0.10 V, B 5 LI Lo = 0.1 nA; (d) 78 Pb I MU 40 nm JE #) SnTe 15 5 B FE B9 STM &, $4# R+ 200 nm x 200 nm, ¥
MR Vi = 2V, BBFEHLT Ly, = 0.1 nA; () 7E ] (d) H 2L 6 )5 HEAL 19 )5+ 43 B STM &1, $9 48 ]~ 10 nm- x 10 nm, A fi Hs
Vi = 0.7 V, BEZF LI Lo = 0.1 nA; (f) £ (d) et ir gAY dI/d Vi, FE SRR Ve = 0.58 V, BEZFHLIR L, = 0.1 nA

Fig. 3. STM and STS measurements near the dislocation of Sn; ,Pb,Te film grown on Pb: (a) STM image (200 nm x 200 nm) of
the sample obtained by deposition of 40 nm thick SnTe on Pb film at room temperature and followed by annealing at 100 °C for 3 h
(Veet =2V, L, = 0.1 nA); (b) atomically resolved STM image (10 nm x 10 nm) taken at the red square in (a), Ve = 0.8 V, L =
0.1 nA, the Pb content is 20.2%; (c) dI/dV spectra taken at the red square and blue arrow in (a), respectively, for the red dI/dV
spectrum, Vi, = 040V, L, = 0.1 nA, for the blue dI/dV spectrum, Vi, = 0.10 V, L, = 0.1 nA; (d) STM image (200 nm x
200 nm) of the sample obtained by deposition of 40 nm thick SnTe on Pb film at room temperature (Vi = 2V, L, = 0.1 nA);
(e) atomically resolved STM image (10 nm X 10 nm) taken at the red square in (d), Vi = 0.7V, Ly = 0.1 nA; (f) dI/dV spec-
trum taken at the red square in (d), Vi, = 0.58 V, I, = 0.1 nA.

AR KR RE . R8I RN G I
F M 1 T4 BRI R A 4 SnTe (1 AR AiF i B
B T A I3 Ph R (] 3(e)), 2 HTIAS Y
dI/dVikiEsR, dI/dV ik IMERL T 2 KRB LA
0.3 eV T (B 3(f). XA 3(b) H# Pb
JEF R H TR KR T Pb B P JE T B L
R FH, FR XL/ ERA) Pb AR LA
d1/d Vit i) de/ MBS s ) P oK BEGL R

T34, T A R AR A P TG SnTe v
I Pb 5 ER X AR 2 K BB 9 U RO AN
R, ARUZIX L Ph JF X% i s A s e R
[l 4(a), (b) &FE Pb B NS4 SnTe #AE, 7
TFor P E B T (001) i, T HLmE

SRR . finE e R, FRE TN d/dV
Tl S 1 R R ARG (P 4(c)). T arekAb i
— R dI/d Vi (K 4(d)), Al LA G AR K
— BB AW dI/dVigE A BB R RRIE. 1N
X, T 4(e), (f) J27E Pb i E I 3L TR SnTe
1 PbTe 153 Sn, ,Pb,Te W, K1/ P &
R FAT LB WATRZ P . B4R Sn,_Pb,Te
W R AR P38, AR, (R
BRI, B WIE TR dL/d VRSB K 5 oR s
FIFEARASELN (] 4(g)), X T Pb & e
A AR5 S8 I E S — R
dI/d Vil N, B 2E B A R 1 X 28 dI/d Vi
TR A e (I 4(h)). DAAE B 5¢ e B oAl
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Bl 4 HBaTR Po X REE RN (a) £ 190 C [ Pb i L HTH SnTe 153 2] (1) £ i 2 10 11 J7 F 43 B STM [, F148 R~
10 nm x 10 nm, BE G Vi, = 0.8 V, BRI L, = 0.1 nA; (b) 3% P M A RIS E STM B, #94 R5F 450 nm x 450 nm, k¢
ERIRIE Vi = 2V, BRI Ly, = 0.1 nA; (c) M1 A mIE dI/A VLS E, G358 EZ B = 0.02 T, HH§ R F 450 nm x 450 nm, #
iR Vi = 6 mV, BEZFHLIL Lo, = 0.1 nA; (d) 1 (c) L @LARALM I — R dl/dV ik, FERIRE Vi, = 3 mV, BRI L, =
0.1 nA; (e) #£ 180 °C A9 Pb i I 3T SnTe F1 PbTe 15 FI| A9 #F & 2 180 7Y I 43 FF STM B, 4 R~ 10 nm x 10 nm, # 5 i &
View = 0.7V, BB R Ly, = 0.1 nA. Pb &1 19.2%; (£) - F 8w R A9 K8 B STM I, #7945 R~ 450 nm. x 450 nm, & fi K
Vi = 2V, BEF R Lep = 0.1 nA; (g) MBI Z A K dL/AV BETE], BE3%58EE B = 0.04 T, 14 R 450 nm x 450 nm, # i i [
Vier = 6 mV, BRI L = 0.1 nA; (h) V&l (g) PEAELLAANM M —FRI dI/dViE, B RE Vi, = 3 mV, BRI L, = 0.1 nA
Fig. 4. Effect of alloying element Pb on vortex bound states: (a) Atomically resolved STM image (10 nm X 10 nm) taken on the
surface of the sample obtained by deposition of SnTe on Pb film at 190 C (V, = 0.8 V, I, = 0.1 nA); (b) large-scale STM image
(450 nm x 450 nm) of the flat film (V,, = 2V, I = 0.1 nA); (¢) corresponding zero-bias dI/dV map under magnetic field of B =
0.02 T (450 nm x 450 nm, V,, = 6 mV, L, = 0.1 nA); (d) series of dI/dV spectra taken alone the green line in (¢) (Vi = 3 mV,
L., = 0.1 nA); (e) atomically resolved STM image (10 nm x 10 nm) taken on the surface of the sample obtained by co-deposition of
SnTe and PbTe on Pb film at 180 C (V,, = 0.7V, L, = 0.1 nA), the Pb content is 19.2%; (f) large-scale STM image (450 nm x
450 nm) of the flat film (V, = 2V, L, = 0.1 nA); (g) corresponding zero-bias dI/dV map under magnetic field of B = 0.04 T
(450 nm x 450 nm, Vi, = 6 mV, L, = 0.1 nA); (h) series of dI/dV spectra taken alone the green line in (g) (Vi = 3 mV, L, =
0.1 nA).

B E IR R B R e, TR S TR A HUREVA 1Y 57 BT Ah oK BEGL B0 7 k. T Al T X A
AR FREBAMI T KB, MBI ABRZ Rt gs & RS AU MR 9 T B2 R R, ] 3% K e
S L T 5 1 T R 101, ke S U/ Fi T PETFLAN SR 0 35 U SROK BB AT I — P AT &%
S R TR R R RO, sy

Sn'Te Je 5% 14 138 A B ok i R BB, 10 B R 1) X
SuTe SR FFAHE S, 1 Sn, PhTe iy 4 %
i A EREE, UG AR Z Pb Z GBS A S W A PTG I T R i 0 8 X E P i
Sny Pb,Te [ JE T M8 S8, K, XFF SnTe 3 R R A K S 4 B Sny Pb, Te WifE i
KRR IR LG AR S5 FAIE B R R IR R, % Lgﬁ%‘/&—éﬁﬁ%ﬁﬂ/ﬂﬁwﬁﬁL Sn, ,Pb,Te HfF
PR BAT AR FiH 7B E RG4S RO )AL BTl R ) S A= R N =4 SR E R S
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FOTRIE R 5L p BUERAE, dI/d VA B/ ML A
T HKBEH LI L 0.2—0.3 eV [l T, BEAR R Y
Pb G Ph 7 AT LA INERGE i 7 20 i i
gAY ok, HZXEE Pb JEFX) Sn, Pb,Te
() 9 K BE IS N B 3. X & T P2 Sny
Pb,Te #ilE 5 Pb ¥R AT AEAE B 48 A
(AR TH A5 5 A SRR BEGETFLALN 2228 BHAS T 2%
KBESA Y. Tt A X A, A Sk Bl v — 2
O3 A5 B BB B, Sny Pb,Te Wi dI/d Vi Y %
IMEFT AR BEH LA | 0.2—0.3 eV T B &
B BEER TORAER L EFORBER LA T 0.1—0.2 eV
BRI, MOEEVE R AR E] 0.4 eV 247, T Z R fikiE
P FEF N AR BiySes T A5 14 AL BT 1z 25 w4 A
AR AT/ V 5 B S AR MRS LR 0.1 eV
D Py 2451 DR] g B e o A B 1 R 2 2500 T i
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Abstract

SnTe-type topological crystalline insulators (TCIs) possess multiple Dirac-like topological surface states
under the mirror-symmetry protection. Superconducting SnTe-type TCIs are predicted to form multiple
Majorana zero modes (MZMs) in a single magnetic vortex. For the spatially isolated MZMs, there is only one
MZM in a single vortex at surface. However, experimental demonstration of coupling the two isolated MZMs by
changing wire length or intervortex distance is very challenging. For the multiple MZMs, two or more MZMs
can coexist together in a single vortex. Thus, the novel property is expected to significantly reduce the difficulty
in producing hybridization between MZMs. Recently, the experimental evidence for multiple MZMs has been
observed in a single vortex of the superconducting SnTe/Pb heterostructure. However, SnTe is a heavily p-type
semiconductor which is very difficult to induce the p-type to n-type transition via doping or alloying. The study
on the Fermi-level tuning of SnTe-type TCIs is important for detecting and manipulating multiple MZMs. In
this work, we report the influence of defects, such as film edge, grain boundary and dislocation, on the electronic
property of Sn; ,Pb,Te/Pb. The Sn; ,Pb,Te films are prepared on the Pb (111) films grown on the Si (111)
substrate by the molecular beam epitaxial technology. The structural and electronic properties of the
Sn;_,Pb,Te films are detected in situ by using low-temperature scanning tunneling microscopy and spectroscopy.
The differential conductance tunneling spectra show that the minima of dI/dV spectra taken in the areas near
the film edge, the grain boundary and the dislocation of Sn; ,Pb,Te grown on Pb can be significantly changed
to the energy very close to the Fermi level or even about —0.2 eV below the Fermi level, whereas the minima of
dI/dV spectra taken in the areas far away from the defects are always at about 0.2 €V above the Fermi level. It
indicates that these quasi one-dimensional defects, rather than Pb alloying, play an important role in modifying
electronic property of the Sn; ,Pb, Te/Pb heterostructure. Moreover, the Pb alloying will suppress the formation
of zero-energy peak in the vortex. These results are expected to develop the new methods that do not require
doping or alloying for the Fermi-level tuning of the SnTe-type topological superconducting devices.

Keywords: topological crystalline insulator, defect, superconducting heterostructure, scanning tunneling
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